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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
PATENT COOPERATION TREATY 

Applicant: Johann ENGELHARDT et al. Group Art Unit: unknown 

Serial No.: unknown Examiner: unknown 

LA. Filed: 28-January-1999 Attorney Ref.: 293.000193 

LA. No.: PCT/DE99/00211 

Title: OPTICAL ARRANGMENT PROVIDED FOR A SPECTRAL FANNING OUT OF 

A LIGHT BEAM 

PRELIMINARY AMENDMENT 

Box PCT 

Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

Please preliminarily amend the above-identified application, filed concurrently herewith 
under 35 U.S.C. § 371, as follows: 

IN THE SPECIFICATION: 

At page 1, line 5 (blank line), please insert: 

- CROSS-REFERENCES TO RELATED APPLICATIONS 
The present application is the U.S. national phase under 35 U.S.C. 371 of International Application 
No. PCT/DE99/0021 1 filed January 28, 1999 claiming priority of German Patent Application No. 
198 03 442.3 filed January 29, 1998. 

FTELD OF THE INVENTION- : 
At page 1, line 10 (blank line), please insert the centered heading - BACKGROUND OF 

THE INVENTION- : 

At page 1, line 23 (blank line), please insert the centered heading - SUMMARY OF THE 
INVENTION -: 
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At page 1, line 29 - page 2, line 1, please delete "the features of Claim 1. According to the 
claim, such an arrangement is characterized in that the pinhole has" and insert -a pinhole having--; 

At page 4, before line 1, please insert the centered heading - BRIEF DESCRIPTION OF 
THE DRAWINGS -; 

At page 4, lines 2-3 , please delete "based on patent claim 1"; 

At page 4, line 18 (blank line), please insert the centered heading - DETAILED 
DESCRIPTION OF THE INVENTION -; and 

At page 7, line 1, please delete "Patent claims" and insert -What is claimed is:-. 

IN THE CLAIMS: 

Please cancel claim 1-12 and add the following new claims 13-30: 

-13. In an optical arrangement for the spectral fanning out of an incoming light beam in the 
detection beam path of a confocal microscope for the subsequent splitting of the spectrally 
fanned out beam out of its dispersion plane and for the detection of the split spectral range, 
wherein said incoming light beam is focused on a pinhole occluder having a passageway, the 
improvement comprising: said passageway being polygonal in configuration. 

14. The improvement according to claim 13, wherein said passageway is symmetrically 
configured. 

15. The improvement according to claim 13, wherein said passageway is triangular in 
configuration. 
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16. The improvement according to claim 14, wherein said passageway is triangular in 
configuration. 

17. The improvement according to claim 13, wherein said passageway is configured with four 
corners. 

18. The improvement according to claim 14, wherein said passageway is configured with four 
corners. 

19. The improvement according to claim 17, wherein said passageway is rectangular in 
configuration. 

20. The improvement according to claim 18, wherein said passageway is rectangular in 
configuration. 

2 1 . The improvement according to claim 13, further comprising a screen in said detection beam 
path for suppressing diffraction phenomena. 

22. The improvement according to claim 21, wherein said screen is a variable screen. 

23. The improvement according to claim 21, wherein said screen is located after said pinhole 
occluder in said detection beam path. 

24. The improvement according to claim 2 1 , wherein said screen is located before said pinhole 
occluder in said detection beam path. 
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25 . The improvement according to claim 1 3, wherein focusing optics and dispersion means for 
spectrally fanning out said light beam are located after said pinhole occluder. 

26. The improvement according to claim 25, wherein said dispersion means is a prism. 

27 . The improvement according to claim 25 , wherein said focusing optics are located in front of 
and behind said dispersion means. 

28. The improvement according to claim 27, wherein said focusing optics comprise lens 
arrangements. 



29. The improvement according to claim 28, wherein said light beam is focused into a 
gap/detector arrangement by said focusing optics. 



30. 



The improvement according to claim 29, wherein said gap/detector arrangement comprises 
color detection gaps arranged and aligned such that diffraction phenomena can be screened 
out at said detection gap.- 
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REMARKS 

The present application was translated from German to English for national stage entry. The 
primary purpose of this Preliminary Amendment is to eliminate multiple claim dependency 
appearing in the translated application and to insert headings according to U.S. practice. 

If the Examiner has any questions, or considers that an interview with Applicants' attorneys 
would expedite prosecution of this application, he or she may contact George Snyder at the number 
provided below. 
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Optical Arrangement for the Spectral Fanning Out of a Light Beam 

5 

The invention concerns an optical arrangement for the spectral fanning out of a light 
beam, preferably in the detection beam path of a confocal microscope, especially for the 
subsequent splitting of the fanned out beam out of its dispersion plane and for the detection 
of the split up spectral ranges, whereby the incoming light beam is focused on a pinhole. 

10 

Optical arrangements of the type in question here have been known from practice for 
a fairly long time, and specifically in connection with the simultaneous detection of several 

0 spectral ranges of a light beam, which is done with a so-called multi-band detector. A multi- 
m band detector of this type makes for a complex optical arrangement that prior to this, with 

additional optics, has enabled multiple focusing. 

% If in the detection beam path of a confocal microscope one wants first to fan out the 

1 beam spectrally and then split it up out of its dispersion plane into individual spectral ranges, 
Q a high dynamic response for the separation of the excitation light is desired. However, 
% diffractions that stem from the shape of the detection pinhole stand fundamentally in 
O opposition to such a high dynamic, whereby in particular secondary maxima of the 

diffraction function in the spectrally separated detection range cause problems. 

The object of the invention is therefore to configure and further develop an optical 

2 5 arrangement of the type in question such that a splitting of the fanned out beam with a 

suppression of interfering diffraction portions in the spectral range is possible. 

* 

The optical arrangement of the type in question according to the invention fulfills the 
aforementioned purpose by means of the features of patent claim 1. According to the claim, 



1 



such an arrangement is characterized in that the pinhole has a polygonal passageway for the 
light beam. 

According to the invention, first of all it has been recognized that the form of the 
pinhole is responsible for the diffraction pattern that occurs for the various colors in the focus 
plane, or in the dispersion plane. While specifically a pinhole with a round passageway has 
annular secondary maximum diffraction values with limited dynamic response because of the 
diffraction effect occurring here, by using a pinhole with a polygonal passageway a 
completely different diffraction pattern results, namely a diffraction pattern whose secondary 
maximum diffraction values are arranged in lines that cross each other. In any case it is 
possible, in light of such an arrangement, to detect the primary diffraction maxima and to 
suppress the problematic secondary diffraction phenomena. 

With regard to a concrete configuration of the pinhole or of the passageway formed 
there, it is of further benefit if this - polygonal - passageway is configured symmetrically. In 
this case the passageway could be of triangular or four-cornered configuration, whereby in 
the context of a four-cornered configuration the symmetrical - and therefore rectangular - 
form is especially advantageous. From this there results specifically a completely specialized 
diffraction pattern of the pinhole for various spectral ranges or colors, namely a spectral 
cross, whereby the axes of the cross meet in the secondary diffraction maxima. Secondary 
diffraction maxima lying in between are less problematic in the detection or splitting. 

Screens that are preferably variable could also be arranged in the beam path in front 
of or behind the pinhole. These screens are used to suppress diffraction maxima or 
diffraction phenomena of a higher order. 

In principle simultaneous detection of several spectral ranges of a light beam is 
possible without additional measures if the light beam is first spectrally fanned out and then a 
splitting of the fanned out beam out of the dispersion plane is performed. The splitting of the 
fanned out beam out of the dispersion plane is accomplished by means of a special optical 



arrangement, whereby the partial beams split up into spectral ranges or the spectral ranges 
themselves are detected, and indeed are detected simultaneously. The important thing here is 
that a fanning out of the light beam precedes the actual splitting into spectral ranges so that 
the splitting out of the dispersion plane can occur on the fanned out beam. In any case a 
5 multiple focusing with additional optics is not necessary here. 

In principle two optically arrangements are provided here, namely once for the 
spectral fanning out of the light beam and another time for splitting and subsequent detection. 
The pinhole on which the incoming lightbeam is focused is situated upstream of the 

1 0 arrangement for spectral fanning out of the light beam, whereby the pinhole can be situated 

directly downstream of a laser scanner. What is important here, in any case, is the 
recognition that the form of the passageway in the pinhole creates a specific diffraction 

□ pattern of the fanned out light beam in the dispersion plane. 

i=S From the pinhole, the beam in some cases runs through the previously mentioned 

U variable screen to focusing optics and dispersion means. The dispersion means can be 

Sf designed as a prism for an especially simple construction. Focusing optics, which can in turn 

comprise a lens arrangement, are arranged both in front of and behind the dispersion means 

or prism. 

D The beam running divergent from the path from the pinhole to the prism is focused 

through the focusing optics into the gap/detector arrangement situated downstream at which 
point the splitting into spectral ranges occurs. 

2 5 Regarding the gap/detector arrangement, it is advantageous if special color selection 

gaps are provided there in the focusing plane or dispersion plane of the fanned out beam, said 
color selection gaps being in turn arranged and aligned such that diffraction can be screened 
out at the detection gap. 
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There are then various possibilities for configuring and developing further the present 
invention in an advantageous way. On the one hand one can refer to the claims based on 
patent claim 1; on the other hand, one can refer to the following explanation of an 
embodiment of the invention with reference to the drawings. Generally preferred 
configurations and further developments of the concept are explained in connection with the 
explanation of the preferred embodiment of the invention. The drawings show: 

Fig. 1 in a schematic representation, a traditional optical arrangement with a pinhole 

having a round passageway, 

Fig. 2 in a schematic representation, an embodiment of an optical arrangement 

according to the invention, whereby the pinhole has a square 
passageway and 

Fig. 3 in a schematic representation, the entire optical arrangement comprising the 

fanning out of the light beam, the splitting of the fanned out beam and 
the detection. 

Figures 1 through 3 show an optical arrangement for the spectral fanning out of a 
light beam 1 , the light beam 1 here being in the detection beam path of a confocal microscope 
(not shown). After the spectral fanning out of the light beam 1, there is a splitting of the 
fanned out beam 2 from out of its dispersion plane 3. A detection of the split spectral ranges 
4 is accomplished by means of suitable detectors 5. The overall connection can be inferred 
from Fig. 3, whereby detection gaps 6 are provided there for selection of the spectral ranges 
4. The simple representation used here serves to clarify the operation. Additional details are 
left out in order to give an overview. 

The optical arrangement shown in Fig. 1 is an arrangement of the conventional type, 
i.e. an arrangement known in the art, in which the incoming light beam 1 is focused on a 
pinhole 7 with a round passageway 8. From there out the beam runs through focusing optics 



9 and a dispersion means configured as a prism 10 and through additional focusing optics 1 1 
into a gap/detector arrangement 12 indicated only in Fig. 3, whereby due to a pinhole 7 with 
a round passageway 8 in the dispersion plane 3 a completely specialized diffraction pattern 
13 for different colors is produced. Annularly depicted secondary diffraction maxima limit 
5 the dynamic response of the known system. 

Fig. 2 shows an optical arrangement according to the invention in which the pinhole 7 
has a polygonal passageway 8, specifically a four-cornered or rectangular passageway. This 
pinhole 7 or the passageway 8 realized there, in contrast to the traditional optical 
10 arrangement, creates a completely different diffraction pattern 13 in the dispersion plane 3, 
specifically because of the diffraction maxima 16 arranged in two lines 14 and 15. 

p Fig. 2 shows in merely symbolic fashion that the detection gaps 6 are arranged and 

™ aligned such that the diffraction phenomena at the detection gap 6 can be screened, since at 

p most negligible secondary maximum diffraction values lie along the detection line 17. 

;if However, what is important is that the configuration of the pinhole, or its passageway 

8, is responsible for the diffraction pattern 13, whereby with a polygonal passageway 8, the 
!y pinhole 7 yields a diffraction pattern 13 that enables a screening of the secondary maxima of 

P|) the diffraction phenomena by means of suitable detection gaps 6, thus specifically with the 

p use of a rectangular opening 8 of the pinhole 7 by means of spectral splitting diagonal to the 

***** diffraction cross. 
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Patent claims 



1. Optical arrangement for the spectral fanning out of a light beam (1), preferably in the 
detection beam path of a confocal microscope, in particular for the subsequent 
splitting of the fanned out beam (2) out of its dispersion plane (3) and for the 
detection of the split spectral range (4), whereby the incoming light beam (1) is 
focused on a pinhole (7), 

wherein the pinhole (7) has a polygonal passageway (8). 

2. Arrangement according to claim 1, wherein the polygonal passageway (8) is 
symmetrically configured. 

3. Arrangement according to claim 1 or 2 5 wherein the passageway (8) is configured as 
triangular. 

4. Arrangement according to claim 1 or 2, wherein the passageway (8) is configured 
with four corners. 

5. Arrangement according to claim 4, wherein the passageway (8) is configured as 
rectangular. 

6. Arrangement according to one of the claims 1 through 5, wherein a preferably 
variable screen is arranged in front of and/or behind the pinhole (7). 

7. Arrangement according to one of the claims 1 through 6, wherein focusing optics (9 
and 11) and dispersion means are situated downstream from the pinhole (7). 

8. Arrangement according to claim 7, wherein the dispersion means comprise a prism 
(10). 

7 



Arrangement according to one of the claims 1 through 8, wherein focusing optics (9 
and 1 1) are arranged in front of and/or behind the dispersion means. 

Arrangement according to one of the claim 9, wherein the focusing optics (9 and 11) 
comprise lens arrangements. 

Arrangement according to one of the claim 10, wherein the light beam (1) can be 
focused into a gap/detector arrangement (12) by means of the focusing optics (9 and 
11). 

Arrangement according to one of the claim 11, wherein the gap/detector arrangement 
(12) in the focusing plane or dispersion plane (3) of the fanned out beam (2) 
comprises color selection gaps or detection gaps (6) that are arranged and aligned 
such that diffraction phenomena can be screened out at the detection gap (6). 
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Abstract 

The invention relates to an optical arrangement provided for a spectral fanning out of 
a light beam (1), preferably in the detection beam path of a confocal microscope, especially 
for the subsequent splitting of the fanned out beam (2) out of the dispersion plane thereof. 
5 The optical arrangment is also provided for detecting the fanned out spectral regions (4), 

whereby the incoming light beam (1) is focused on a pinhole (7). The invention is 
characterized in that the pinhole (7) has a polygonal passageway (8) in order to realize a high 
dynamic response when the light beam is split into spectral regions (4) or into spectral colors. 
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Application Number or PCT international Application 
Number PCT/DE99/O021I and was amended on 
, (if applicable). 



I hereby stare That I have reviewed and understand the contents of 
the above-identified specification, including the claims, as 
amended by any amendment referred to above. 

1 acknowledge the duty to disclose information which is material 
to paJfcntabilrty as defined in Title 37, Cock of Federal 
Regulations, § L56. 

I hereby claim foreign priority under Title 35, United Stales Code, 
§ 1 19(a)-<d) or § 365(b) of any foreign applications) for patent or 
inventor's certificate, or § 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking die box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of che application on which priority is claimed. 
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Prior Foreign Applications 
fpnihere ausIaiKiische Anmeldungen) 



198 03 442,3 

App. No, 
App- "No. 



Germany 

Country 
Country 



29/Ja»aaiy/1998 
Day/Month/Year 
Day/Montfa/Ycsr 



£ch beanspruche hiermii PrioricStsvortatleimier Tide 35, US Code, 
§ 1 19(e) alter US-Mifsanmeidungen wie unten au%e^lt. 

App. No. Fiied: 
App- No. Filed: 

ich beanspruche hiermit die mir unter Title 35, US Code, § 120 
zustehenden Vortetle aller unten aufgefuhrtcn US- 
Pat^^nicidiingvr. bar*. § 3£5(c) «Ucr PCT iS^m^ioa^ 
Anmeldungen, welche die Vereinigten Staaten von Amcrika 
benennen, and erkenncv insofera der Gegenstsnd ones jeden 
fniheren Anspruchs dieser Patentanmeldung nicnt in cincr US- 
Paientanmeidung, hsiw. PCT intcrnationalcn Aamcldung in in 
einer germa& dem ersten Ahsatz voaa Tide 35, US-Code, § 1 12 
vorgesscbrcibcaen Art und Wdse oSenbart wurde, meine Pflicht 
i zwrOfftnbimingjc^ 

i PatcntfaTrigkcit in Einfclang mit Tide 37, Code of Federal 
i Regulations, § 1.56 von Bdang sind und die im Zeitraimi 
! zwischen dem Anmcldctag der fruheren Patentanmeldung und 
! dem nstfionakn oder im Rahinen des Vertrags fiber die 
Zusammcnarbeit aufdem Gebiet des Patcntwesca (PCT) gitttigen 
; imeroationalen Anrneldetags bekannt geworden sind. 

\ App. No. Filed: 

App. No. Piled: 

: Ich erfclarehiemuX da£ alle in der vorfiegenden Brklarung von tnir 
1 gemachten Angaben nach beseem Wissen und Gewisscn der 
^ Wahrhcii entsprcchen, und ferner dafi ich diese ddesststdicbe 
\ Erklanmg in Kennmis dessen ablsge, d*8 wisscntlieb und 
\ vors&zlich falsche Angaben oder dergletchen gcmaB § 1 001, Tide 
■ 18 des US-Code strafbar sind und ink Geldstrafe und/oder 
Ge&ngnis bcstmfr werden kBnnen und daB derartigt wis^entlich 
und vorstoiich falsche Angaben die Rechtswirksamkeit ^der 
vorlieg 

Paientes geiHhrden k&nnen. 

VERTRETUNGSVOLMACHT: Als benaimter Erfmder 
beauftrage ich faiermit den (die) nachstehend aufgefilhrten 
Patentanwalt (Patent&nwallc) und/oder Vertreier mit der 
Verfolgung der vorliegendcn Pstcatanmcldung sowie mit der 
Abwicklung aller damtt verbundenen Angekgenheiten vor dem 
US-Patent* und Markenamt: (Na>m(n) und 



Priority Not Claimed 
fftl^Tlfit m&t beansprucht) 

□ 

□ 

□ 

J hereby claim the benefit under Title 35, United States Code, § 
119(c) of any United States provisional applications) \istcd 
below. 



I hereby claim the benefit under Title 35, United States Code, & 
120 of any Unified States application^), or § 365(c) of any PCT 
International application designating die Umted States, listed 
below and, insofer as the subject matter of each of the daims of 
this application is not disclosed in the prior United States or PCT 
international application in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, 1 acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37> Code of Federal Regulations, § 1 ,56 which 
became available between the filing date of the prior application 
and die national or PCT International filing date of this 



Status: PatcnteoVPending/Abandoned 
Status: Patented/PendJng/Abandoned 

I hereby declare that all statements made herein of my own 
knowledge arc true and that all statements made on mfonrtation 
and belief arc believed to be true; and farther thai these statements 
were made with the knowledge that willfbi false statements and 
the liks so made are punishable by fine or imprisonment, or both, 
under Section 1001 ofTitie IS of the Uniied Stales Code and thai 
such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



POWER OF ATTORNEY: As a named inventor, 1 hereby appoint 
the following attorney^) and/or agent(s) xo prosecute this 
application and transact ail business in die Parent and Trademark 
Office connected therewith: (list name and registration number) 
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PostanschrifL- 



Telefonische Auskilnfte: 



George L, Snyder, Jr. Reg* No. 37,729 

3 Robert F- Simpson Reg. NoTgpgjT 

R- Craig Juuffcnan Reg. No20£62 

Send Correspondence to: 

Simpson, Simpson A Snyder, LJLP- 

gg ggjlLf gin Strati^ 

Direct Telephone Calls to: 

George L. Snyder, Jr. (716) 626-1564 



Full Name of sole or first inventor 



Johann ENGELHARDT 



Inventor's signature; 
Umerschrift des Erfinders; 



Date: 

Datum: 



Residence: 
Wohnshz: 



Citizenship: 
Sia&tsangehortgkeit: 



ScItSeOmsuerweg 6 
B-76669 gad Schonborn 
Germany 

Germany 



Post Office Address: 
Posranschrifc 



Same as above 



Full Name of nexi inventor 



Inventor's signature: 
Uatcrschrift des Erfinders: 



Date: 
Datum. 



UeiBricfa ULRICH 



Ut^.w ,A. /Ui~A 07111(00 



Residence: 
Wohnsitz: 



Citizenship; 
StaatsangehOri^ceir; 



Langgewaim 2 
Heide] 
Germany 

Germany 



Post Office Address; 
Posianschrift: 



Same as above 
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Full Name of next investor 
U 1 HilraarGUGEL 



Residence: 
Wohnsitz: 



Citizenship: 
Staatsangehdngkeit: 



Inventor's signature: 
Untcrschrilt des Erffrufeis: 



Date: 
Datum; 



07/17/00 



/ 



Konraxl-Adenaaer-Strasse 23b 

Dossenheim 
Germany 

Germany 



Post Office Address: 
Postanschrift: 



Same as above 
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